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Plasma is an ionized gas and is referred to as the fourth state of matter.
1,2 Plasma consists of various portions of electrons, neutrons, and ionized atoms, as well as neutral or charged molecules. It can be generated under normal pressure conditions in so-called or pulsed direct current high voltage to a gas stream. 2 -ticles, chemically reactive species such as reactive oxygen species and reactive nitrogen species, heat, and UV radiation. 1, [3] [4] [5] The current therapeutic application spectrum of plasma in medicine reaches from well-established sterilization of surgical instru- Preissner et al. ments, implants, and consumables, coagulation, ablation, and vaporization of tissues to its more recent utilization as antimicrobial therapy, stimulation of wound healing, and tumor therapy. 1, [6] [7] [8] [9] [10] to inactivation and destruction of a variety of even multi-resistant bacteria and bacte- 8, 9, [11] [12] [13] [14] [15] [16] [17] To date, no resistance against plasma is known. 9, 18, 19 Worldwide, the number of inserted dental implants used as an established therapy for missing teeth is increasing. 20 In many cases, dental implants are the only way to re-
21
Peri-implant diseases are among the most common complications after dental implantation. 20, 22 Due to their clinical phenotype, peri-implant diseases are categorized in - [21] [22] [23] [24] Up to 56% of inserted dental implants develop peri-implantitis. 25 Until now, there has been no ideal therapy for these cases. 20, 21 constructions such as crowns, which are exposed to the oral environment. 21, 24 are formed as microbial communities on the interface of hard surface and biological 26, 27 Within minutes, a so-called pellicle layer is formed out of adsorbed salivary proteins, surface, divide, and recruit more planktonic bacterial cells. A three-dimensional multiand maturation of the extracellular matrix due to bacterial glycosyltransferases synthesizing water-soluble and -insoluble glucans.
26
The exceptional biocompatibility of titanium as a dental implant material makes and thus accumulation of microorganisms on their surfaces. 27, 28 Without therapy, bone degeneration caused by peri-implantitis can lead to implant loss and may have fur--stream. 20, 21, 29, 30 faces. 20, 21 Conservative, non-surgical therapy options are mechanical cleaning, smoothultrasonic systems, air-polishing with water-soluble powders or laser treatment, often in combination with antimicrobial agents or antibiotics. 20, 21, 31 However, none of these therapeutic procedures are able to arrest peri-implantitis. Apart from maximum invasive explantation, which also causes large bone defects that often make re-implantation impossible, no reliable therapy for peri-implant diseases is available to date. 20, 21, 23 Accordingly, there is a great technical and therapeutical interest in methods for the decontamination of titanium surfaces.
attractive clinical concept for inactivation and destruction of adherent bacteria and bio- 8, 9, [12] [13] [14] 16, 17, 19 Using 32,33
The aim of this experimental study was to compare for in situ from the microstructure of sand-blasted/acidetched titanium dental implant surfaces. It was hypothesized that using CAP and water titanium.
A. In Vivo
Eight healthy volunteers (four male, four female, mean age: 26.8 years) wore individual, molar teeth for 72 h. The titanium discs (n = 40, sand-blasted, acid-etched, titanium grade 2, d: 5 mm, h: 1 mm, mean roughness: 1.96 μ 8
The study protocol was approved by the ethical committee of Charité Universitätsmedizin Berlin (EA4/090/017) and written informed consent was obtained from all participants.
During the 72 h exposure time, the volunteers followed their usual drinking and -paste or mouth rinses were used. Splints were removed for meals or drinking only and then stored in a humid compartment (water-soaked cellulose fabric in an oxygen-proof plastic container). described above and stored in a cool environment (7°C) until further treatment.
The titanium discs covered with 72 h in situ ex vivo with sterile saline solution (0.9%) for 10 s. Titanium discs from each volunteer were randomly divided plasma or mechano-antimicrobial procedure and (2) air-water spraying.
Plasma Treatment and Mechano-Antimicrobial Procedure
Indirect CAP (CAP -Pen® 25, 26 ), fed with 4.3 sL*min 
Air-Water Spraying
After treatment with CAP or mechano-antimicrobial procedure or no treatment (negative control, n = 8) specimens were air-water sprayed for 10 s using a dental air/water spray unit (U 3000 EX, Ultradent, Brunnthal, Germany). The input water pressure was set to 2 bar.
All titanium discs (n = 40) were inoculated for 5 s twice on brain heart infusion blood --lation, agar plates were incubated at 37°C (5% CO 2 ). The plates were examined after 24 h and 48 h of incubation.
The existence and amounts of biofilms on the titanium discs were assessed by fluorescence microscopy using live/dead staining (Live/Dead BacLight Bacterial -mens without biofilms were used as controls. The live/dead stain was prepared by diluting 1 μL of SYTO 9 and 1 μL of propidium iodide in 1 mL of NaCl solution and stored for 60 min on ice cubes in a dark container. The titanium specimens were placed in 24-well plates and 10 μL of the reagent mixture was added to each well, followed by incubation at room temperature in the dark for 15 min. Specimens were placed carefully on a glass slide and covered with mounting oil and a glass cover slide.
öttingen, Germany) and cor--croimaging).
-).
ries GmbH, Pasch ing, Austria) for 50 min, followed by rinsing four times for 10 min ethanol rinses (50-90% 10 min each; 96% 2 × 10min). Last, the samples were dried in was vaporized in a clean bench at room temperature. All specimens were mounted on × to 10,000× plasma treatments in triplicates. 
-
Another study demonstrated that indirect plasma (kINPen® removed arin vitro 35 and in vivo -mension as by mechanical cleaning. 36 In another in vitro study, a CAP application of 600 s to Pseudomonas aeruginosa antimicrobial reduction than treatment with 0.1% CHX. 37 The results of these two studies also support our conclusion that CAP should not be used exclusively, but
To optimize the material properties of titanium surfaces, studies could demonand osteoblasts after plasma treatment. 38, 39 Additionally, an optimized osseointegration of implants after 6 weeks was found after treatment with CAP in a dog model. 40 Beyond the regeneration of bone structures, plasma could have the poten-7,41 Until now, no treatment. 7, 13, 14, [42] [43] [44] --faces for use in regenerative perimechanical debridement and antimicrobial agencies leads to increased antimicro- 32, 35, 38 There is no method currently in existence that completely disinfects and eliminates --ment could be optimized. T, Weltmann KD, Kocher T. Cold atmospheric plasma in combination with mechanical treat-
